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NO-NEUTRINO DOUBLE BETA DECAY: MORE THAN ONE NEUTRINO?
S. P. Rosen

T-Division, Los Alamos National Laboratory,
Los Alamos, New Mexico B7545

ABSTRACT

Interference effects between light and heavy Majorana neutrinos
in the amplitude for no-neutrino double beta decay are discussed.
The effects include an upper bound on the heavy neutrino mass, and an
A dependence for the effective mass extracted from double beta decay.
Thus the search for the no-neutrino decay mode should be pursued in
several nuclei, and particularly in Ca%®, where the effective mass
may be quite large.

MORE THAN ONE VIRTUAL NEUTRINO?

The problem I wish to address in this talk is how to reconcile
the lower bound on the neutrino mass?,

m, > 20 ev (1)
recently obtained by the ITEP group from tritium beta decay with the
much smaller upper bound?,

m, < 6 ev (2)
obtained by the Heidclberg group from a comparison of double beta
decay lifetimes for the isotopes 128Te and !39Te of Tellurium. Let
me say at the outset that T recognize the serious reservations held
about the tritium experiment® and the need to await confirmation by
another experiment; but I would ask you to indulge me in a "theo-
rist's license" to imagine that there is a germ of truth in what the
ITEP group is telling us. 1 should also point out that there have
been other indicat.ons of a8 conflict between tritium beta decay and
double beta decay in the theoretical calculations of Haxton, Stephen-
son, and Strottman?; from the experimental data on Se82 and Ge7°,
these authors find that m_ cannot have a vaiue much larger than 10-20
ev. The work ] shall discuss is based on a recent paper by A. Hal-
prin, S. Petrov and myself5.

One simple solution to the problem jis to conclude that the
electron-neutrino is a Dirac particle: the no-neutrino double beta
decay trancilion (see Fig. (i)) is then forbidden, and the observed
litetimes cannot bhe usecd to extract a bound on the neutrino mass.
Given the gauge theoretic pre-disposition towards Majorana neutrinos,
however, this solution is not particularly satisfactory. We there-
fore turn to another alternative, first observed by Doi, Kotani,
Takasugi and Nishiura® and subsequently taken up by Wolfenstein’,
namecly that if more than one neutrino masr-eigenstate should contrib-
ute to the no-neutrino amplitude, there may be carcellations amongst
these contributions. Thus in double beta decay one may he measuring



differences between masses, wheveas in tritium beta decay one meas-
ures an average mass. Obviously there is likely to be 1li...e overlap
between the difference and the average.

To understand how this cancellation may arise, let us consider
the amplitude for the diagram in Fig. (i) when the charged weak
leptonic current has the form:

Ly = (v, (1+y) (G, + Dy c]) . (3)

The sppearance of both the Dirac neutrino field, ¢v' and its charge
conjugate, ¢“c, is necessary if the neutrino emitted by the first
neutron, Dy, in the nucleus is to be re-absorbed by the second neu-
troa, o, - The belicity factor (1+15) in LA implies that the neutrino

emitted by n, is right~handed, while tke neutrino absorbed by n, is
left-handed! Thus the neutrino must flip its helicity as it travels
from n, to n,. Since no right-handed current is present in LA’ the
helicity flip will occur only if the neutrino has a non-zero rest-
mass. The amplitude for Fig. (i) is therefore ot the form:

A v D T(v) (4)

pp - "

where F(v) is a factor describing the propagation of the neutrino
through the nucleus and the uppropriate nuclear matrix element.

Now there are two simple choices for the coefficients C and D
which are analogous to the original CP eigenstates K1 and K2 in the
neutral kaon system. They are:

C=4D = 1/42; ¢,=1/¥2(y *h c); CP=+1 (X)) (58)
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1423 X, 714208 ¥ c); CP=-1 (X,) (5b)

Should it happen that both neutrinos, ¢0 and Xy contribute to no-

neutrino double beta decay, then because of their opposite CP eigen-
values, they will contribute to the overall amplitude with opposite
Bigns:

I T
Agp(®) + Agg(X) = 2ImeF(®) = m F(X)] (6)

In other words, Majorana neutrinos of opjosite CP tend to cancel onc
another in double beta decay?'¥,

Before examining the structure of this cancellation, we must
study the neutrino propagator as a function of neutrino mass. In
momentum Bpace, the propagation can be written as

m <p>
p = v P
v

(7)

m z+<p)z
v



where <p> is the average neutrino momentum. The average separation
<r12> between nucleons inside the nucleus provides an effective

cut-off on the amplitude, which takes the form:

<p> T ——— = = = 30-50 Mev (8)

Two extreme cases of the propagator occur when the neutrino mass
is either very much smaller than <p>, or very much larger. When m

<< <p> (the low mass case), the propagator is v

v ¥ (low mass case) (9)

and when mU>><p>, the propagator becomes

"o
n

= %Rz (high mass case) . (10)
v

In configuration space, the low masc case corresponds to a Coulomb-
like factor o, <1/r12> evaluated with respect to the two-nucleon

corgelation function, and the high mass case to a Yukawa-like fac-
tor”,

=m r,.
V1

P (r..) = mv<g—;——“l) . (11)
ij
The general shape of P“(r) is shown in Fig. (ii). As a general rule,

the low mass case applies to light neutrinos with masses in the 10ev
range, while the high mass case is relevant for neutrinos with masses
of » few hundred Mev or more.

We now turn to the extraction of masses from the ITEP and double
beta decay experiment: when the neutrino coupled to the electron in
the charged weak current is assumed to be:

v, = (cos 6) ¢ + (sin 0)Y (12)

where ¢ and X arc mass eigenstates with CP = +1 and -1 respectively.
The mass measured in tritium beta decay is then a weighted sum of m0
and mx:

2,~ _ 2
m (vc) = |Im

0con26 + misinzﬂl . (13)

In view of ovcillation experiments!®, we take the mixing angle to be
small,

-mzo S 0.1 (14)



and set

n(Ge) & my (15)
from the 1980 results of ITEP!!, we have

14 m, S 45 ev (16a)
and from the 1983 results!, we find

20 av S m¢ (16b)

With the above assumptions for Vas the "mass" measured in no-neu-

trino double beta decay has the general form:

mBB(ue) = Imo cos26 - F (mx,A) mx sinzel (17)

where the negative sign romes from the odd relative CP of the Major-
ana neutrinos ¢ and ¥, and the function F(mx,A) is essentially the

ratio of their configuration space propagators:

F(m_,A) = (<5412, , 15y | (18)
X 12 12

When mx is of order a few times 10 ev (low mass case), then F is

unity for all values of A:

F(mx,A) = 1 for all A, meO(IOev). (19)

and the value of mBB(ve) will be the same for all double beta decay-

ing parent nuclei. This is the case previously considered by Doi et
al®, and by Wolfenstein’.
Here we consider the case in which mx 18 of order several hun-

dred Mev or more (the high-mass case). Neutrino oscillations are
then forbidden for lcw-energy neutrinos, but universality sets a
l1imit on the mixing ang'e,

8inZ0 § 0.05 (20)

because the heavy neutrino Y cannot be emitted in nuclear P-decay.
Double beta decay experiments will yield two qualitative results for
the various masses:

(1) There wust be an upper bound on m if ™ becomes too

¢ PR

the I1TEP range (eq. 1) to the range of the Tellurium ratio

large, it cennot cancel enough of m, to bring m (v') down frem

experiment (eq. 2). Thir wsituation is illustrated in Fig.



(ii1). (2) The effective mass mBB(ve) must vary from nucleus to
nucleus; in general mBB will increase as A decreases, but the
detailed behaviour will depend on the nucleon-nucleon correla-
tion function.

To illustrate these features we consider two examples with
specitic correlation functions. The first one is a uniform correla-
tion with an infinitely hard core at radius r_ £ 0.5F and a cut-off

, (-} C
at the nuclear diameter®:

P(r) = 28R - e5]7! 6(r ,mr J8(2R-1 ) (21)
where R is the nuclear radius
R=1.22"3F . (22)
The ratio of propagators is given by
F(n_,A) = 0.5 (m R)"4[(1+m_r Je ™Fc-(142m R)e™2™F]  (23)
X X X € X

and it 1is proportional to A-2/3. From the universality constraint
(eq. (20)), and the ITEP and Tellurium ratio results (egs. (1) and
(2)), we find that

HX < 3.5 Gev . (24)

If we choose sinzﬁ and mx, so that mﬁﬂ(vf) vanishes for Tellurium, we

-2/3

then find that because F(mX,A) varies as A , the bounds on mBﬂ(ve)

for lighter nuclei are quite different:

Sev < mBB(ve)I ng < l6ev
(25)
13ev < mBﬂ(vC)lCBAB <43ev
when mBB(ve) ; 0
€
If we follow Doi et al'? and take
p~0& (rJZ-R) (26)

then we find that:

-me
Fz(mx,A) 1.67 e (27)



and hence that
mx S 500 Mev (28)

Again, if we choose m¢, m_, and 5in%6 so that mB vanisheg for Tel-
lurium, namely X B

6

n,=15ev, m =150 Mev, sine = 6.3x10° (29)
ther we find the following effective masses for lighter nuclei:
Isotope mgg(ev)
Te]30 0
Se82 18 (30)
Ge?¢ 21
Ca*® 45

In both of these examples, the lightest nucleus, namcly Ca*®, has the
largest effective mass. Thus it is well worthwhile to revive efiforts
to look for double beta decay in this nu~’eus!3.

The lesson of .hese examples is .hat one must look for no-neu-
trino double beta decay in a range of nuclei and determine whether
the effective mass does or does not derend upon A. If it is found to
have an A Jependence, theu we can conclude _hat heavy Majorana neu-
trincs must play a role in no-neutrino double beta decay. [f the
effective miss is independent of A, then we learn that only light
neutrinos are important for the process.

A; a final note, we point out that were ¢ left-handed and ¥
right-handed, there would be very little interference bhetween the
appropriate exchange diagrams because the final state electrons would
have opposite helicities. Thus it ir essential for the interference
that the virtual neutrinos be coupled with the same helicity.
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